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Abstract The objective of this study was to evaluate the
impact of hydroxyapatite coating of newly designed os-
seointegrated fixtures’ abutments on the postoperative
complication rates. The integrity of peri-implant microcir-
culation was used as a marker to compare tissue viability
after different surgical techniques. Laser-Doppler Flow-
metry (LDF) measures alone, and coupled with heat prov-
ocation tests were applied to test the different microcircular
patterns. Measures for 17 consecutively implanted patients
(8 women, 9 men, ages ranged from 18 to 77 years) were
recruited; seven with soft tissue reduction (STR); and 10
with soft tissue preservation (STP).Thirteen non-operated
retro-auricular areas were examined as naive controls. In
isotherm conditions the baseline blood flow remained stable
in all groups. The naive control patients demonstrated sig-
nificant changes of blood flux in the intact skin. The non-
implanted yet previously operated contralateral sides of the
patients demonstrated marginally lower (p = 0.09) blood
flux index. The STR sides however, showed significantly
lower (average 217 %) provoked blood flux compared to
controls (p\ 0.001). At the STP sides a maladaptation
could be observed (average 316 %) compared to the con-
tralateral sides (p = 0.53). STP sides demonstrated a sig-
nificantly better blood flow improvement compared to the
STR sides (p = 0.02). These results suggest a favorable
postoperative condition of vascular microcirculation after
STP, than after STR surgery. The possibly faster wound
healing and lower potential complication rate may widen
the inclusion criteria and maybe beneficial for the patient
compliance with a better quality-of-life.
Keywords Bone conduction hearing  Peri-implantitis 
Laser-Doppler Flowmetry  Microvascular network
Abbreviations
LDF Laser-Doppler Flowmetry
LHT Local hyperaemia test
PU Perfusion unit
STR Soft tissue reduction
STP Soft tissue preservation
STSF Split thickness skin flap
Introduction
Using direct bone conduction, osseointegrated implant
systems have provided hearing rehabilitation with good
clinical outcome for over 100.000 patients with conduc-
tive or mixed hearing loss and single-sided sensorineural
deafness since it introduced in 1977. The well-established
surgical techniques of implantation, which rely on dif-
ferent skin flap creation and soft tissue reduction (STR),
have been successfully used in the last decades (Fig. 1A)
[1–3]. New developments incorporated implant micro
surface technology (e.g. titanium-dioxide surface) aimed
to reduce the loading time, coupled with advanced rede-
sign of the implant abutment to a concave shape, which
minimized peripheral pocket formation tendency, and
subsequently the risk of adverse skin reactions. Patients
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receiving the 8.5 mm abutment during initial implantation
are significantly less likely to require in-office procedural
intervention or revision surgery postoperatively as com-
pared to those receiving the shorter, 6 mm implant at
initial surgery, furthermore applying linear incision with
no or minimal soft tissue removal, with the longer
(8.5 mm) abutment provided comparable or better com-
plication rates than the previously accepted surgical
techniques [4–7]. The percutaneous osseointegrated
implantation technique without skin thinning proved to be
also beneficial for children [8]. A further step ahead was
the application of hydroxyapatite coating of the abutment,
which by enhancing soft tissue adherence, commonly led
to avoid STR and thus reduce the surgical time (Fig. 1B).
Animal experiments have proven the excellent soft tissue
adherence to the implant surface and faster wound healing
around the abutment, which are key factors in the effec-
tiveness of this concept [9].
However, this method might have other substantial
advantages compared to the classic surgical procedures.
The primary aim of the STR was to achieve a stable epi-
dermal covered bone surface around the implant, but recent
experiences, gained on large series of patients in inde-
pendent studies have shown a range of incidence from rare
to more frequent for variably severe peri-implant skin
complications. Short-term complications arise in
0.7–1.3 % of the cases [3, 10]. Long-term follow-up
reveals an incidence of 3.3 % of skin reactions classified as
Holgers grade 2 or higher, which may often require revi-
sion surgeries [11–13]. Long-term follow-up identified an
increasing risk of complications over time [14]. The inci-
dence of adverse events is generally influenced by patient
selection and the experiences of the surgical team.
However, further explanation may be derived through
observations of surgical outcomes for treatment of other
diseases, where deteriorated peripheral blood circulation
leads to similar skin reactions, such as complications of
diabetes mellitus, including ulcerations and infections in
the most severe cases. In view of these similarities, it may
be hypothesized that a major causative factor for the peri-
implant skin reactions is diminished vascular capacity,
which could be avoided by this new soft tissue preservation
(STP) method. As such the skin’s macro-, and microcir-
culatory reservoirs are maintained through minimal trau-
matization of the soft tissues.
Microvascular assessments with Laser-Doppler Flow-
metry (LDF) have recently grown in importance in the
diagnosis and treatment of hypoxia and ischemia-related
tissue disorders, providing valuable information about the
management of peripheral vascular disease, or diabetes
treatment, or in plastic surgery, the evaluation of flaps, etc.
[15–18]. These studies conclude that the better blood
supply, the better skin conditions. LDF of the peri-implant
areas, by assessing the preservation of macro-, and
microvascular capacity patterns, thus might give important
information about the expectable improvement in soft tis-
sue complications compared to the earlier methods.
Materials and methods
Laser-Doppler Flowmetry
Measurement of microcirculatory variables of skin flaps
using LDF alone, or coupled with various provocation tests
routinely used, has been demonstrated in different wound
Fig. 1 Postoperative photos of two patients representing the different
surgical methods. On the left side a 59-year-old male patient (STR 1)
is seen, underwent the classic STR surgery with U-shaped dermatome
flap (A). On the right side a 44-year-old woman (STP 1) is seen,
underwent the official surgical procedure with STP (B)
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healing studies to estimate skin microcirculatory function
non-invasively [19–22]. The method is based on the eval-
uation of the Doppler shifting of laser light on moving
objects: the coherent, monochromatic laser beam pene-
trates into the tissues and partially scattered on static cells
(non-shifted light fraction). Another fraction of photons is
reflected back from red blood cells, moving within the
microvascular bed, while the frequency of the light is
shifted. From the above parameters, red blood cell flux
could be calculated, which is linearly correlated with skin
blood flow and expressed in perfusion unit (PU). The
measuring depth depends on tissue properties, such as
density of the capillary beds, or pigmentation, as well as
from the wavelength of the laser light. Standard wave
length changes between 633 and 810 nm, which are
capable of transluminating 1 mm2 9 1–1.5 mm tissue
volume. The laser light reaches the tissue via fiber-optic
cable which also conducts reflected, frequency shifted light
to a photo detector, converts input voltage to PU
(1 mV = 10 PU).
To evaluate reserve compensatory capacity of the peri-
implant skin area, local hyperaemia test (LHT) was
applied. Increase of the local temperature as a powerful
vasodilator stimulus was used to characterize microvascu-
lar dysfunction in patients with diabetes mellitus and sys-
temic sclerosis [23, 24].The percentage of perfusion
changing is suggested and accepted as a representative
parameter, than the largely variable absolute PU values.
Examination protocol of patients
All of the measurements were performed between 2 and
4 months following osseointegrated bone conductor
implantation, with wound healing completed to create
postoperative time-matched study groups. Each patient was
assessed on implanted and non-implanted sides of the head
acting as intra-subject controls.
The study participants were acclimatized for 10 min
before the evaluation in a comfortable sitting position.
Throughout the entire observation period, the room tem-
perature (20 ± 2 C) and the axillary temperature of the
patient (36 ± 0.5 C) were maintained constant. The pulse
and blood pressure (HR, BPsys, and BPdia.s respectively)
were measured at the beginning of the procedure.
The blood flow in the skin flap was recorded with a
Laser-Doppler Flowmetric device (supplied by a 780 nm
laser diode; PeriFlux System 5000, Perimed, Ja¨rfa¨lla,
Sweden) with a sterilized fiber-optic probe (#457, ‘‘ther-
mostatic probe’’; fiber separation: 0.25 mm, penetration
depth *1 mm). The flow probe was fixed perpendicularly
to the skin, in the proximity of the abutment by means of an
adhesive strip which restricted the angular movements of
the probe.
Characteristic flow curves were reproducibly detected in
the s = 0.03 s mode, showing that pressure artifacts were
avoided. After the required signal quality had been
reached, baseline flow value recordings were made during
a 10 min long period and then, the skin was warmed up to
44 C for 5 min. Measurements (baseline and with heat
provocation) were repeated on the non-implanted contra-
lateral (identical surface area) of the patient, for intra-
subject control. Change in tissue perfusion was expressed
as percentage of blood flow increase (%). Data were col-
lected and stored on a computer and subsequently analyzed
with the computer software supplied together with the LDF
device.
The Sigmaplot 10.0 and SPSS Statistics 16.0 statistical
packages for personal computers were used for the statis-
tical analysis. The results are expressed as mean ± SE.
The variances are different, thus the one-way ANOVA for
unequal variances (Welch) was used, with multiple com-
parisons according to Tamhane. A level of P B 0.05 was
considered statistically significant.
Control and implant patients
Prospective assessments were performed in three groups of
subjects. A naive control group (n = 7) without implant, as
an inter-subject control group, and two subgroups of os-
seointegrated fixtures, implanted with either STR or STP
surgical techniques, assessed bilaterally in implanted and
non-implanted contralateral retroauricular areas acting as
intra-subject and inter-subject controls.
The naive control group was made up of seven patients,
4 women, 3 men, ages ranged from: 29 to 42 years; aver-
age: 36.2 years with 13 non-operated retroauricular areas
examined, to represent the increasing of blood flux fol-
lowing LHT on healthy subjects.
Seventeen consecutive implantees, 8 women, 9 men
were recruited. Ages ranged from 18 to 77 years, average
45.8 years. All 17 patients met the standard indication
criteria for osseointegrated bone conductor implantation.
Skin perfusion related diseases (e.g. diabetes mellitus)
were excluded in all cases. All implanted patients had
undergone previous ear surgeries for treatment of ear dis-
eased. Details of the patient demographics and surgical
history for both STR and STP groups are described for both
groups in Table 1.
In the first seven implanted patients (STR group) the
classic STR surgery with U-shaped dermatome flap was
performed, with BI300 implants [1–3]. The latter ten
patients (STP group) underwent the linear incision surgical
procedure with STP according to the official guidelines,
using the hydroxyapatite coated BA400 implant (Fig. 1A,
B). Both implant types were the products of the same
manufacturer (Cochlear).
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Fig. 2 Representative records of two patients with different surgical
methods. The curves demonstrate the skin microvascular reserve level
differences at baseline and following heat provocation at the surgical
area for the two patients with classic STR (A) and the STP
(B) technique, for implanted and contralateral sides. Blue double
arrow for patient A, indicates a notably reduced baseline microcir-
culation intra-subject in the implanted ear relative to the contralateral
control ear
Fig. 3 Dot-diagram of the
individual’s skin blood flow
changing following LHT (A).
The connected dots represent
the pre-and post-heating
perfusion units in all subjects.
Connection lines show
corresponding pairs. The dotted
lines represent the average
result following LHT in the four
ear conditions across the three
patient groups. The average
group PU gradients shown in
figure B clearly demonstrate a
significantly reduced reaction
for the STR subgroup compared
to other groups (asterisk).
Table 2 Mean baseline and
post-heat provocation blood
flow values in the different
groups. Data are represented in
mean ± SE. There is no
significant difference between
baseline values in the different
groups. P values are detailed in
the text
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The research was approved by the Human Investigation
Review Board of the University of Szeged, Albert Szent-
Gyo¨rgyi Clinical Centre, and informed consent was
obtained from all subjects (No 3175, 18th February 2013).
Results
Characteristic flow curves demonstrated consistent signif-
icant increases in blood flow from baseline levels to post-
heat provocation levels in all three subgroups on average
and for all individual patients (Figs. 2, 3). LDF coupled
with local LHT was used to estimate skin microcirculation
post-provocation reserve capacity function per patient,
which is graphically demonstrated in Fig. 3.
It is clearly seen, that in isotherm conditions the baseline
blood flow remained stable in all implanted groups (means
varied from 63 to 65 PU) (Fig. 3). Figure 4 shows, that the
control naive patients demonstrated a significant average
increase for the group of 13 ears of more than 700 % of
blood flux in the intact healthy skin area. On average, the
contralateral ears for the implanted subgroups of patients,
often previously stressed through surgical procedures,
demonstrated slightly, but not significantly (p = 0.09)
lower, blood flux indexes(average 500 %) compared to the
healthy naive inter-subject control group. The STR side of
the implantees, however, showed a significantly lower
(average 217 %) post-heat provoked blood flux index
compared to the naive controls and to the non-implanted
contralateral sides of these patient groups (p\ 0.001). The
STP sides of patient subgroup demonstrated a slightly
lower, but not significant reduction in the blood flux index
increase post-heat provocation (average 316 %) compared
to the contralateral side control groups (p = 0.53). STP
sides demonstrated a significantly better blood flow
improvement post-heat provocation compared to the STR
sides (p = 0.02). Looking at individual case values, the
lowest pair of PU values (at baseline and post-heat prov-
ocation) for the STP side was noted for a young female
with Goldenhaar syndrome (Patient 4th of STP group) who
had undergone complex reconstructive esthetic surgical
procedure, which largely involved the retro-auricular area
(Fig. 3).
In our cohort of patients no differences in audiological
outcomes have been observed between the two treatment
groups, with different osseointegrated fixtures.
Similarly no differences were observed in the early post
implant period up to 4 months in the incidence of skin
complications between the two treatment groups. One
patient had a Holgers Grade 2 skin reaction in the STR
group, and one patient had a Holgers Grade 1 skin reaction
from the STP group, both cases managed successfully with
conservative treatment.
Discussion
Our results demonstrate the potential to preserve vascu-
larisation through soft tissue preservation surgical tech-
niques for osseointegrated bone conductor implantation
over previous surgical techniques with soft tissue
reduction.
The integumentary system comprises the skin and the
skin-associated structures, the appendages, including
sebaceous glands, sweat glands, hair, etc. This organ sys-
tem forms an effective barrier between the organism and
the environment, preventing invasion of pathogens and
fending off chemical and physical assaults, as well as the
unregulated loss of water and solutes [25]. This multiple
skin function highly depends on its vascular system
integrity. Macrovascular supply of the retroauricular region
originates from the branches of the external carotid artery
(i.e. posterior auricular artery, occipital artery) forming
anastomosing nets behind the auricles. The microcircula-
tion of the skin is organized as two plexuses situated par-
allel with the surface, embedded into the multiple layers of
ectodermal tissue. The superficial and the profound layers
are interconnected with paired ascending arterioles and
descending venules (AV-shunts), representing the thermo-
regulation component (*85 %). From the upper layer
arterial capillaries rise to form the dermal papillary loops,
representing the nutritive component (*15 %) [26].
Fig. 4 Box diagram of percentage increase of blood flow to local
heating test with different surgical methods compared to naive and
within subject controls. Peak flow reduction was found in STR and
STP on the implant side. Flow reduction is significantly pronounced
in STR compared to the contralateral side (asterisk) and STP
(triangle). There is no significant difference between percentage flow
increase to local heating in between the STP and the contralateral side
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Endosurface layers of microvascular segments (e.g. pre-
capillary arterioles, capillaries, postcapillary venules),
which are closely linked, take part in the haemostasis and
in the regulation of inflammatory cascades and vascular
resistance. This is controlled by exogenous environmental
impacts (e.g. temperature, pressure), through the nocicep-
tive system. The afferent neuronal reflex pathways are built
up from non-myelinated C-fibers of the skin nerves.
The damage made on this sophisticated system obvi-
ously diminishes the protective reserve of the skin against
environmental (thermal, mechanical, inflammatory)
assaults. Diseases which have influence on blood micro-
circulation and thus on vascular reserve capacity may cause
severe alterations in skin functions. Various reactivity tests,
coupled with techniques measuring skin blood flux, are
used to non-invasively explore both endothelial and
microvascular functioning in humans [27]. LDF alone, or
coupled with LHT is routinely used in different wound
healing studies. LDF demonstrates well the microcircula-
tion of the upper 1–1.5 mm of the skin. However, the
absolute blood flow is widely variable in different loca-
tions, the change of flux is generally accepted parameter in
determining the quality of microcircular function.
Accepting that the human body is symmetric, the contra-
lateral identical areas were used to provide a statistically
appropriate study, which was strengthened by the results of
healthy control retroauricular areas assessed at the same
location.
In the history of osseointegrated bone conductor sur-
geries the split-thickness skin flap (STSF) creation with
STR has become a well-established technique with good
functional outcome [1, 2]. The dermatome creates a STSF
25 mm in width with a thickness of 0.6 mm, which com-
posed of the top layers of skin (the epidermis and part of
the dermis), comprising the superficial dermal papillary
vascular loops. The graft is initially nourished by a process
called plasmatic imbibition, then new blood vessels begin
growing from the adjacent soft tissues and the periosteum
of the recipient area into the transplanted skin within 36 h
in a process called capillary inosculation. This emphasizes
the necessity of the intact periosteum beneath the flap. As
our results show, these regeneration processes provide even
an appropriate baseline blood flow, but only a reduced
vascular reserve, which might be insufficient especially in
extreme environmental conditions. Thus the reduction of
the inner layers of skin by transecting the nutritive circu-
lation pathways has a deteriorating effect on the physiology
of the remaining upper skin layers. This might be in the
background of the well-known potential complications,
beside the generally suspected peri-implant ‘‘pocket for-
mation’’ [9]. These adverse events generally can be avoi-
ded by careful patient selection either in terms of social and
medical issues, which on one hand more or less limits the
indication field. The increasing incidence of complications
over time, might influence the patient compliance as well
[10, 14].
In contrast the preservation of all the layers of the skin
and thus the microcirculation network, as in STP tech-
nique, might diminish the potential complication rate in
short and potentially also in the long term. The vertical skin
incision has practically no effect on the horizontally
structured microcirculation. Our study unambiguously
proves the early acceptable recovery of the microcircula-
tion reserve. Generally the soft tissue regeneration after the
STP technique is complete within days, which allows a
relative shorter loading time for the speech processor,
compared to the STR technique. Our study however,
revealed a tendency of a diminished blood flow flux on the
implanted sides compared to the normal skin in naive
controls and to the contralateral side controls. Moreover,
on those surgical sides, which were previously stressed
with multiple scarring skin incisions, the values were also
well below the normal skin values. These findings may
indicate the role of macro circulation and neurovascular
regulation in the background of an intact microcirculation,
thus the importance of the preservation of the larger blood
vessels and the skin nerves.
In our patient series we did not find significant differ-
ence in complication rates between the different surgical
groups, however, we should consider the relatively low
number of cases and the short post implant follow-up
periods of 4 months, and would recommend examination
of larger subject subgroups and longer term observation
periods for further clinical investigations.
Conclusion
Our result shows that following the STR technique, the
normal vascular reserve of the skin could not be re-estab-
lished, that should be considered as a limitation in patient
selection, and during patient counseling, because of the
need for proper after care. In contrast after the STP tech-
nique, more viable regeneration processes were observed in
the peripheral implant area, where the normal skin’s vas-
cular capacity levels could be approximately achieved. The
potential for both faster wound healing and lower com-
plication rate post implant may support to widen the
inclusion criteria for treatment with osseointegrated fix-
tures and may subsequently lead to greater outcome suc-
cess including improved quality-of-life.
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